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Abstract: The house crow (Corvus splendens), a native of the Indian subcontinent, has 
shown a rapid expansion of habitat range across Eastern Africa, the Arabian Peninsula, 
Europe and Asia. It is an adaptable, gregarious commensal bird which is regarded globally 
as an important pest species due to its impacts on livestock, agricultural and horticultural 
crops and indigenous fauna and as a fecal contaminator of human environments and water 
resources. Two Maxent (v3.3.3k) models (A) with presence data in Australia and (B) with 
simulated entry data locations in New Zealand) and a third ArcGIS model (C) with 
environmental and social layers) are used to determine an overall suitability index and 
establish a niche-based model of the potential spatial distribution for C. splendens within 
New Zealand. The results show that New Zealand, particularly the northern regions of North 
Island, has suitable environments for the establishment of the house crow. In order of 
suitability Model B showed highest potential land area suitability (31.84%) followed by 
Model A (13.79%) and Model C (10.89%). The potential for further expansion of this bird’s 
invasive range is high and, if New Zealand is invaded, impacts are likely to be significant. 
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1. Introduction 
As an island nation, New Zealand is subject to and defined by a range of economic, health and 
environmental characteristics. The primary industries, such as agriculture, horticulture and forestry, 
still form the cornerstone of the New Zealand economy [1,2] and protection of these from the impacts 
of invasive species is fundamental to the maintenance of the country’s economic and social wellbeing. 
Environmentally, as with other similar fragile island ecosystems such as Hawaii, New Zealand 
possesses a range of unique flora and fauna, which have experienced significantly negative impact by 
the human mediated introduction of predatory and browsing mammals [3,4]. In addition, protection of 
human and animal health from diseases transmitted by invasive species is fundamental to 
New Zealand’s social health [5]. Prevention of entry of future invasive species, particularly those of 
high potential impact, is vital for the protection of all aspects of the environmental and social welfare 
of New Zealand. 
The house crow (Corvus splendens), a native of the Indian subcontinent, has shown a rapid 
expansion of habitat range across Europe, the Middle East, Eastern Africa, the Indian Ocean Islands, 
East Asia and Australia and the Americas [6,7]. Often mis-identified as other crow species, the sexes 
are phenotypically similar, although the males may be slightly larger in size, and they have a 
characteristic smoky-grey collar [7]. It is an adaptable, gregarious, noisy, commensal bird, which only 
lives in close association with humans in urban/semi-urban areas and is not known to live 
independently from humans [8,9]. They are also known to be associated with coastal human inhabited 
areas [8] and, although foraging independently and in small groups during the day, they do exhibit 
communal roosting at night [10,11]. 
Despite originating in the Indian subcontinent, the house crow shows ecological plasticity by its 
wide temperature tolerance which has assisted its spread across tropical, subtropical and even 
temperate areas. In the Hoek van Holland a breeding colony is known to have survived winter 
temperatures as low as −8 °C [9]. 
C. splendens is a general, opportunistic, omnivorous feeder which survives by scavenging on human 
waste, thieving human food, raiding food crops and damaging livestock [8,12,13]. It is a serious 
agricultural pest feeding on a range of crops, particularly maize, at different growth stages [12,14–16] 
and has been observed attacking and sometimes killing livestock and poultry [17]. It is detrimental to 
indigenous bird species via predation or competitive displacement by attacking and mobbing birds and 
destroying eggs and nests [17–19]. They have also been known to attack people [20,21] and are a 
significant human and animal health risk as a fecal contaminator of human environments and water 
sources [13,18,22]. These crows have also been identified as carriers of human enteric disease 
organisms such as Salmonella spp., Shigella serotypes, Proteus spp., Vibrioaceae spp., Pseudomonas 
spp., Escherichia coli, Campylobacter spp. [13,23,24], Newcastle disease [25,26] and the potential for 
spread of bird flu [27]. This bird is globally regarded as an important pest species with significant 
potential for further global invasion [9,13,21]. Using a risk analysis model, the Vertebrate Pest 
Committee (VPC) [18] in Australia has classified the house crow as an extreme threat species while 
the risk of establishment has been determined as a serious risk in Australia [28]. It is regarded as a 
significant threat to New Zealand [29,30]. However, currently New Zealand does not recognize this 
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species as a potential significant risk and, as such, is not included in any pest management protocol or 
surveillance strategy. 
Human health is a significant factor in the preservation and underpinning of a civil society [31]. 
The house crow is a known carrier of a range of pathogenic organisms and due to its propensity to 
solely associate with human populations there is a significant risk of disease transmission by these 
birds [13,22]. 
C. splendens has been spread via a number of pathways, mostly human mediated. Introduction to 
Aden and Zanzibar appears to have been in the late 1800s by the British to assist with refuse  
disposal [6,20,32] and perhaps later by ships from India [19]. Introductions as biocontrol agents 
occurred in Klang on the Malaysian Peninsula for caterpillar control [21] and livestock ticks in the 
Oman [20]. Later introductions of this species, including that in the Netherlands, have in most cases been 
accidental via ship-assisted transfer [33–35] from the Indian Subcontinent and/or other locations with large 
introduced house crow populations, such as Aden and Suez [6] or potentially as escaped cage birds [35,36]. 
Range expansion from these initial introduction locations is thought to have occurred by natural 
dispersal, such as spread to Singapore from the Malaysian Peninsula [36] and from Dar-es-Salaam to 
the Tanzanian interior [6]. 
While sometimes used interchangeably, ecological niche modelling (ENM) and species distribution 
modelling (SDM) as defined by Owens et al. [37] provides a combination of convenient approaches 
to predict in different spaces (for ENM) or characterize within existing space (for SDM) the potential 
distribution of species using occurrences or presence data and the conditions of the area where it is  
found [38,39]. These conditions or predictors are normally environmental variables, abiotic factors 
and even socio-economic conditions that are important for the species [40–42]. ENM and SDM are 
being used in a wide variety of domains such as threatened species mapping [43–46], disease vector 
mapping such as mosquitoes carrying dengue and malaria [47] and invasive species potential 
distribution [48,49]. ENM has already been used by Nyári et al. [9] to predict the global potential 
invasive range of the house crow. In this paper, the term ENM is used to cover the intent of 
both definitions. 
Due to the need to address the vulnerability of New Zealand as an isolated island nation to the 
impacts of invasive species, the aim of this paper is to determine the potential suitable range and likely 
location of establishment of C. splendens in New Zealand. This study aims to compare the results of 
three modelling approaches for the determination of the areas of New Zealand which are potentially 
favorable for the establishment of the house crow. 
2. Results  
2.1. Suitability Mapping 
The resulting suitability map for Model A is shown in Figure 1. Auckland, Northland and 
Wellington regions in North Island, New Zealand show the highest level of suitability based on results 
of the Maxent software, while much of the coastline of North Island and the Nelson, Marlborough and 
northern Canterbury regions of South Island show moderate suitability. Coastal areas of Australia and 
New Caledonia also show moderate to high suitability for this species. 
  
ISPRS Int. J. Geo-Inf. 2015, 4 728 
 
 
 
Figure 1. Suitability map (Model A) using presence data from Australian occurrence sites. 
2.2. Importance of Environmental Variables 
The jack-knife test of variable importance, as shown by the regularized training gain in Figure 2, 
showed that the environmental variable resulting in the first, second and third highest gains when used 
solely and when omitted are bio 19 (precipitation of coldest quarter), bio 7 (temperature annual range) 
and bio 2 (mean diurnal temperature range). 
 
Figure 2. Results showing the importance of environmental layers in the Maxent model 
(model variables are listed in Table 1). 
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Table 1. Comparison of models presence/absence prediction for house crow in New Zealand 
(50% suitability threshold). 
Presence/Absence Model A Model B Model C 
Presence 13.79% 31.84% 10.89% 
Absence 86.21% 68.16% 89.11% 
2.3. Scenario Based Models of Habitat Suitability 
The scenario based model (Model B) used the major ports as the most likely point of entry to New 
Zealand and are the points of occurrence for the model. Results of the model (Figure 3) showed the 
highest levels and greatest areas of suitability in the regions of Northland, Auckland, northern 
Waikato, coastal areas of Wellington, Manawatu and Taranaki in North Island and Marlborough, 
Canterbury, Otago and Southland coastlines on the east coast of South Island. 
 
Figure 3. Results of Model B showing the suitability of areas using ports of entry for 
presence sites modeled using Maxent. 
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2.4. Raster Mapping of Suitability 
Raster map A (increasing elevation from categories 1 to 5) (Figure 4a) shows that the majority of 
North Island and the coastal regions and plains of South Island, particularly the Canterbury Plains  
(mid-Central) and the West Coast, as the highest suitability in geographic elevation for the potential 
habitation by the house crow in New Zealand (dark red areas). High altitude areas such as the Southern 
Alps are least suitable (Blue areas). 
The map for annual temperature (Figure 4b) (increasing temperature from category 1 to 5) shows 
the largest areas for the most suitable environmental temperature ranges for this species are the 
Northland, Auckland, Northern Waikato and East Cape. High altitude low temperature environments 
show least suitability. 
Land cover suitability map (Figure 4c) (increasing suitability of land cover from 1 to 5) showed the 
major cities as providing the most suitable land cover for habitation by the house crow. 
The raster map for population (Figure 4d) (increasing population form blue to red) showed highest 
populations around Whangarei, Auckland, Tauranga, Nelson and Christchurch. 
The result of the additive model for the combined environmental factors of elevation, temperature, 
land cover and population (Figure 4e) show the regions of New Zealand showing greatest area of 
suitability for the house crow are Northland, Auckland, northern Waikato, coastal Bay of Plenty and 
Taranaki, southern Manawatu, Hawke’s Bay and Wellington in North Island and scattered areas of the 
eastern coastline of the South Island. 
 
Figure 4. Raster maps (Model C) for the suitability of the environmental factors of elevation (a); 
temperature (b), land cover (c) and population (d) for the generation of the overall map (e) 
for the potential suitable habitat for the house crow in New Zealand. 
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2.5. Potential Suitable Land Area 
The percentage of total land area in New Zealand that is predicted by the three models as potentially 
suitable for the house crow, using a threshold of 50% for presence/absence, is shown in Table 1. The 
area predicted for suitability ranging from highest to lowest is Model B (31.84%), Model A (13.79%) 
and Model C (10.89%). 
3. Discussion 
This study shows that use of the Maxent model and the reported locations of the house crow in 
Australia have allowed the prediction of the range of this bird within New Zealand (Figure 1). This 
use of ecological niche modeling technique is similar to other studies for predicting the potential 
geographic distribution of a range of plant and animal invasive species such as mammals [50], 
birds [9,51], plants [52,53], amphibians and reptiles [54,55], insects [56] and fish [57]. Invasive bird 
species have been shown to have a higher success of establishment and spread in novel areas if the 
climate match is similar to that of the native range [58–61]. Northland, Auckland and Wellington 
regions of North Island and coastal areas of the South Island are predicted to have the higher overall 
suitability for this bird. Temperature seasonality and temperature range (Figure 2) were seen to have 
the greatest contributing influence on predicted range. C. splendens is known to exhibit a wide 
temperature tolerance from tropic/subtropical climates to temperate climates as found in the Hoek van 
Holland, where it has been recorded as surviving winter temperatures as low as −8 °C [9]. It has also 
been reported to inhabit elevations up to 2100 m in its native range [7]. Due to this bird’s wide 
temperature tolerance it is suggested that, if introduced, C. splendens has is highly likely to be able to 
inhabit large areas of New Zealand, particularly North Island. These prediction are also supported by 
the Raster maps for the suitability of environmental factors of elevation (Figure 4A), temperature range 
(Figure 2, bio 2 and 7, Figure 4B) and precipitation in annual coldest quarter (Figure 2, bio 19) and 
temperature (Figure 4B). 
Nyári et al. [9] mapped the global invasive potential of the house crow using GARP modelling 
techniques. Although difficult to accurately determine, there was indication from this model that New 
Zealand was within the potential future range of the house crow using this methodology. The authors 
also highlighted that, as this species is known to be found only in association with humans, the model 
predicted that spread would be affiliated with human habitation such as shown in the Arabian Peninsula [9]. 
Similar predictions were found in our Raster models where land cover (Figure 3C) and population 
(Figure 3D) were added to the model. Locations around areas of high human habitation; Whangarei, 
Auckland, Tauranga, Nelson and Christchurch, were of high suitability. Jeschke and Strayer, [62] 
determined across a range of vertebrate species, that the success of introduction, establishment and 
spread of an invasive species was significantly influenced by affiliation with humans, while land 
disturbance and urban affiliation have been factors in the spread of invasive bird species such as the 
house crow [8,9] and the Common Myna [60,63]. It is, therefore expected that in New Zealand the 
house crow may potentially establish in these areas of high population, particularly in the North Island. 
C. splendens has been regularly recorded on international shipping in Australia [64]. Although 
natural dispersal has been indicated in previous accounts of the spread of this species [36,65], the 
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natural dispersal of birds from Australia to New Zealand is not seen as a potential risk as crows only 
range up to 15–20 km [17]. The pet trade is a potential means of dispersal of this species as listings 
for sales can be readily found on the web [66]. However, the extent of this trading is not known. 
Although the house crow has been introduced deliberately to novel areas for a number of 
reasons [6,20], the predominant means of long-distance spread is via shipping [19,33–35]. It can be 
assumed that, transport has been either as a stowaway on vessels or escape of caged pet birds, although 
there are no known instances of the latter to date [29]. As such, shipping ports can be regarded as 
significant risk locations for potential introduction of the species to New Zealand, particularly in view 
of the rapid expansion of the species range presently taking place in south East Asia [6]. In 
combination with environmental suitability it is clear that the ports of Auckland and Whangarei are at 
highest risk within New Zealand (Figure 3). A large proportion of New Zealand imports via shipping 
originate from areas such as Malaysia, Singapore, United Arab Emirates and Australia [67], which 
have known established populations of the house crow, therefore, indicating that shipping traffic from 
these countries will be of high risk of potential invasion of C. splendens to New Zealand. As 
Whangarei, Tauranga and Auckland ports have the highest proportion by weight [68] and value [67] 
of all goods imported to New Zealand via shipping, these areas have a high environmental suitability 
for establishment of C. splendens, are areas of high human population and are, therefore, locations that 
can be confidently identified as potentially high risk ports for entry and establishment of this species 
into New Zealand.  
Comparing the three models using a threshold of 50% for presence/absence and reported as 
percentage of the total area (Table 1), it would appear that Model A, Maxtent model using presence 
data from Australia, results in a similar area of potential range compared with Model C. However, the 
distribution in New Zealand varies with Model C showing a higher likelihood of suitability in east 
coast South Island compared with Model A. This is due to the constraints of the geographical location 
of the presence data in Australia in Model A and is, therefore, suggested that this model has 
underestimated the potential distribution of the house crow in New Zealand. A comparison of Models 
B (Figure 3) and C (Figure 4E) indicate similar regions of suitability within New Zealand, although 
the potential land area is markedly higher in Model B compared with Model C (Table 1). It is suggested 
that, due to the known environmental flexibility of this species, that the summative Model C Map E is 
a conservative prediction of the potential distribution of the house crow in New Zealand under current 
conditions. The predicted range resulting from Model B may be a more realistic pattern, particularly 
under the influence of climate change. 
The models in the current study predict New Zealand is suitable for the invasion of the house crow 
and it can be assumed that, due to the island’s vulnerability to invasive species, similar significant 
impacts would be experienced within New Zealand.  
Australia recognizes this bird as an “Extreme” risk [18] and reports that it is “regularly detected on 
international shipping” [64]. Reporting of this species is encouraged via a national animal pest alert 
followed by a complete eradication policy [69]. New Zealand, however, does not recognize that this 
species could be of significant risk to the country let alone include it on any surveillance or pest 
management policy around the country. Taking into account that C. splendens is regarded as a global 
pest species, the volume of shipping from currently invaded areas such as Singapore, Malaysia and 
the United Arab Emirates and the environmental niche modeling in this study showing suitability for 
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establishment of this species, it is highly recommended that New Zealand recognize the significance 
of this bird and include it in future surveillance/control strategies around the country but particularly 
in the northern regions of North Island. 
4. Conclusions 
The use of Ecological Niche Modeling in this study has allowed the prediction of the potential 
suitable range of the house crow in New Zealand. Due to this bird’s affiliation with humans, the most 
likely point of entry and establishment is around the major ports of Whangarai, Auckland and 
Tauranga.  The house crow is regarded as a significant invasive species risk in Australia, however,  
it is not recognized as such within New Zealand.  Due to the close proximity of Australia and the high 
volume of shipping traffic from currently regions such as Singapore, Malaysia and the United Arab 
Emirates, it is highly recommended that New Zealand implements surveillance strategies to prevent 
entry of the house crow to the country. 
5. Material and Methods 
Maxent software Version 3.3.3k was used for modelling and predicting the potential distribution of 
the house crow in New Zealand using a region that included its current occurrence in Australia and 
ArcMap for developing models simulating potential suitability based on probable points of entry into 
New Zealand as occurrence locations. Maxent produces maps of suitability for different species based 
on presence data and environmental conditions in areas of known occurrence as determinants of potential 
distribution in novel areas, i.e., New Zealand [70–72]. The resulting maps show the probability of suitability 
for each grid cell as a function of the environmental variables. We used the default parameters of Maxent 
that were shown to have good performance, namely a convergence threshold of 10−4 and maximum iteration 
value of 1000 [71]. The jack-knife procedure built into the software examined the importance of each of the 
environmental variables by comparing the effects on the model with and without the variable. 
Eleven temperature and eight precipitation datasets were obtained from the WorldClim database 
for the New Zealand region [73]. The available WorldClim data was for monthly temperature and 
precipitation records from 1950 to 2000 collated from a global network of 4000 climate stations. 
WorldClim represented biologically relevant parameters derived from annual variation of climatic 
variables and are commonly used together with occurrence data to map species distribution suitability [74]. 
Models with different combinations of environmental variables, geographical extent and presence 
location were developed (Table 2). The first two models, Model A and B employed Maxent to 
determine the final suitability while Model C used ArcGIS. Model A used instances of reported 
presence in Australia and data from the Global Biodiversity Information Facility [75] and the 
environmental layers from Worldclim. Model B is a scenario based model that uses the largest ports 
of New Zealand as initial occurrence points, representing logical high risk locations of initial invasion 
pathways, and selected environmental layers based on physiological and environmental factors 
deemed suitable for house crow population persistence and eventual growth. Model C is a simple 
additive model that provides an output depicting the overall suitability of areas using the same set of 
environmental conditions as Model B. 
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Elevation, temperature, precipitation, land cover and human population were used as environmental 
layers for Models B and C (Table 2). As temperature and precipitation environmental variables had 
previously been used for the modeling of potential house crow range by Nyári et al. [9] and presence 
of the bird in its native range has been reported up to elevations of 2100 meters [7], these 
environmental variables were adopted for this study. The house crow is known to be live in close 
association with humans in urban/semi-urban areas [8,9], therefore, land cover classifications for New 
Zealand were selected and ranked (Ranking 5: most suitable—Ranking 1: least suitable) as to preferred 
habitat for the house crow (Table 3) and areas of high human population were included in the models. 
The models were then compared using a threshold with raster values less than 50% of the suitability 
range regarded as absence and values greater than 50% of the suitability range regarded as presence. 
Table 2. Environmental variables, geographic extent and presence location used for 
development of Model A, B and C. 
Model Extent Presence Data Environmental Variables 
Model A 
South Australia 
and New Zealand 
Sourced from GBIF
bio1 = Annual Mean Temperature 
bio2 = Mean Diurnal Range (Mean of monthly  
(max temp–min temp)) 
bio3 = Isothermality (bio2/bio7) (multiplied by 100) 
bio4 = Temperature Seasonality (standard deviation multiplied 
by 100) 
bio5 = Max Temperature of Warmest Month 
bio6 = Min Temperature of Coldest Month 
bio7 = Temperature Annual Range (bio5-bio6) 
bio8 = Mean Temperature of Wettest Quarter 
bio9 = Mean Temperature of Driest Quarter 
bio10 = Mean Temperature of Warmest Quarter 
bio11 = Mean Temperature of Coldest Quarter 
bio12 = Annual Precipitation 
bio13 = Precipitation of Wettest Month 
bio14 = Precipitation of Driest Month 
bio15 = Precipitation Seasonality (Coefficient of Variation) 
bio16 = Precipitation of Wettest Quarter 
bio17 = Precipitation of Driest Quarter 
bio18 = Precipitation of Warmest Quarter 
bio19 = Precipitation of Coldest Quarter 
Model B New Zealand Ports of Entry  (Same as in Model A) 
Model C New Zealand No presence 
Temperature 
Elevation 
Land cover 
Population 
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Table 3. Land cover rankings generated from WorldClim data for Raster model for the 
generation of suitable land cover for the house crow in New Zealand. 
Land Cover Type Ranking 
Built up areas 5 
Dumps 5 
Urban areas 5 
Transport corridors 4 
Major shelter belts 4 
Orchards 4 
Vineyards 4 
Short term rotation cropland 4 
High producing grassland 3 
Low producing grassland 2 
Native forest 1 
Acknowledgments 
The authors acknowledge the Department of Natural Sciences and Faculty of Social and Health 
Sciences of the Unitec Institute of Technology for providing support in publishing this research.  
Author Contributions 
Diane Fraser, Bill Nagle and Colin Ryall conceived the idea for the research, Glenn Aguilar and 
Diane Fraser designed the modelling experiments; Glenn Aguilar performed the modelling 
experiments; Glenn Aguilar and Diane Fraser interpreted the data; Diane Fraser wrote the paper and 
editing of the manuscript was performed by Colin Ryall, Glenn Aguilar, Bill Nagel and Mel Galbraith. 
Conflicts of Interest 
The authors declare no conflict of interest. 
References 
1. Harrington, A. The Contribution of the Primary Sector to New Zealand Economic Growth; 
New Zealand Treasury Policy Perspective Paper 05/04. New Zealand Treasury: Wellington, 
New Zealand, 2005. Available online: http://www.treasury.govt.nz/publications/research-policy/ 
ppp/2005/05-04/tpp05-04.pdf (accessed on 21 April 2015). 
2. New Zealand Debt Management Office. New Zealand Economic and Financial Overview 2014. 
Available online: http://www.nzdmo.govt.nz/publications/nzefo/2014/nzefo-14.pdf (accessed on 
21 April 2015). 
3. Reaser, J.K.; Meyerson, L.A.; Cronk, Q.; de Poorter, M.; Eldrege, L.G.; Green, E.; Kairo, M.; 
Latasi, P.; Mack, R.N.; Mauremootoo, J.; et al. Ecological and socioeconomic impacts of  
invasive alien species in island ecosystems. Environ. Conserv. 2007, 34, 98–111. 
4. Towns, D.R.; Ballantine, W.J. Conservation and restoration of New Zealand Island ecosystems. 
Trends Ecol. Evol. 1993, 8, 452–457. 
ISPRS Int. J. Geo-Inf. 2015, 4 736 
 
 
5. Crowl, T.; Crist, T.O.; Parmerter, R.R.; Belovsky, G.; Lugo, A.E. The spread of invasive species 
and infectious disease as drivers of ecosystem change. Front. Ecol. Environ. 2008, 6, 238–246.  
6. Ryall, C. Further records and updates of range extension in house crow Corvus splendens.  
Bull. Br. Ornithol. Club 2010, 130, 246–254. 
7. Global Invasive Species Database (GISD). Corvus splendens. 2007. Available online: 
http://www.issg.org/database/species/search.asp?sts=sss&st=sss&fr=1&x=22&y=12&sn=corvus+
splendens&rn=&hci=-1&ei=-1&lang=EN (accessed on 21 April 2015). 
8. Lim, H.C.; Sodhi, N.S.; Brook, B.W.; Soh, M.C.K. Undesirable aliens: Factors determining the 
distribution of three invasive bird species. J. Trop. Ecol. 2003, 19, 685–695. 
9. Nyári, Á.; Ryall, C.; Townsend Peterson, A. Global invasive potential of the house crow Corvus 
splendens based on ecological niche modelling. J. Avian Biol. 2006, 37, 306–311. 
10. Pen, K.S.H.; Sodhi, N.S. Characteristics of nocturnal roosts of house crows in Singapore.  
J. Wildlife Manag. 2002, 66, 1128–1133. 
11. Behrouzi-Rad, B. Status of population and roosting places of Indian house crow Corvus splendens 
on Kharg Island in Persian Gulf. J. Environ. Cons. Res. 2013. 1, 59–66. 
12. Khan, H.A. Damage patterns of house crow (Corvus splendens) on some food crops in Faisalabad, 
Pakistan. Int. J. Agric. Biol. 2002, 4, 500–502. 
13. Ryall, C.; Meier, G. House crow in the Middle East. Wildl. Middle East 2008, 7, 306–311. 
14. Ryall, C. Further records of range expansion in the house crow Corvus splendens. Bull. Br. Ornithol. 
Club 2002, 122, 231–240. 
15. Khan, H.A.; Jabeen, G.; Anwar, N. Foraging rhythms of house crow (Corvus splendens) for 30 and 
60-minute durations on some crops in an agro-ecosystem in Faisalabad. Pakistani J. Agric. Sci. 
2007, 44, 283–288. 
16. Akram, N.; Khan, H.A.; Jared, M. Inhibiting the house crow (Corvus splendens) damage on maize 
growth stages with reflective ribbons in a farmland. J. Anim. Plant Sci. 2013, 23, 182–189. 
17. Ryall, C. Predation and harassment of native bird species by the Indian house crow Corvus 
splendens, in Mombasa, Kenya. Scopus 1992, 16, 1–8. 
18. Vertebrate Pest Committee (VPC). List of Exotic Vertebrate Animals  in Australia. Available online: 
http://www.pestsmart.org.au/wp-content/uploads/2010/03/VPCListJuly2007.pdf (accessed on 23 
April 2015).  
19. Chongomwa, M.M. Mapping locations of nesting sites of the Indian house crow in Mombasa.  
J. Geogr. Reg. Plan. 2011, 4, 87–97. 
20. Ryall, C. Recent extensions of range in the house crow Corvus splendens. Bull. Br. Ornithol. Club 
1994, 114, 90–100. 
21. Brook, B.W.; Sodhi, N.S.; Soh, M.C.K.; Lim, H.C. Abundance and projected control of invasive 
house crows in Singapore. J. Wildl. Manag. 2003, 67, 808–817. 
22. Meier, G.G.; Ryall, C. The house crow (Corvus splendens): An invasion without limits. Aliens 2007, 
24/25, 21–22.  
23. Al-Sallami, S. A possible role of Crows in the spread of diarrheal disease in Aden. J. Egypt Public 
Heal. Assoc. 1991, 66, 441–449. 
24. Cooper, J.E. Health studies on the Indian house crow (Corvus splendens). Avian Pathol. 1996, 25, 
381–386. 
ISPRS Int. J. Geo-Inf. 2015, 4 737 
 
 
25. Roy, P.; Venugopalan, A.T.; Manvell, R. Isolation of Newcastle disease virus from an Indian house 
crow. Trop. Anim. Health Prod. 1998, 30, 177–178. 
26. Sulochana, S.; Pillai, R.M.; Nair, G.K.; Sudharma, D.; Abdulla, P.K. Epizootology of Newcastle 
disease in Indian house crows. Vet. Rec. 1981, 109, 249–251. 
27. Alien Crows Targeted for Total Extermination in South Africa. Available online: 
http://news.nationalgeographic.com/news/2006/05/060509_crows.html (accessed on 21 April 2015). 
28. Henderson, W.; Bomford, M. Detecting and Preventing New Incursions of Exotic Animals in Australia 
Detecting and Preventing New Incursions of Exotic Animals in Australia; Invasive Animals Cooperative 
Research Centre: Canberra, Australia, 2011. Available online: http://www.feral.org.au/ 
wp-content/uploads/2011/09/Incursions_2011.pdf. (accessed on 2 March 2015). 
29. Ryall, C. (Kingston University, London, UK). Personal communication, 2014. 
30. Nagle, W. (University of Auckland, Auckland, New Zealand). Personal communication, 2009. 
31. Baum, F. Public health and civil society: Understanding and valuing the connection. Aust. N. Z. J. 
Public Health 1997, 21, 673–675. 
32. Mwinyi, A.A.; Said, T.A. Crows Eradication Programme: Survey on Population, Distribution and 
Socio-Economic Impacts of Crows in Zanibar, Tanzania; Department of Commercial Crops, fruits 
and Forestry: Zanzibar, Tanzania, 2009. Available online: http://www.dlist-asclme.org/ 
sites/default/files/doclib/FINAL%20REPORT%20KUNGURU%20MACEMP%202009%20..pdf 
(accessed on 2 March 2015). 
33. Ottens, G.; Ryall, C. House crows in the Netherlands and Europe. Dutch Bird. 2003. 25, 312–319. 
34. Ryall, C. Notes on ecology and behaviour of house crows in Hoek van Holland. Dutch Bird. 2003, 
25, 167–172. 
35. Scott, D.A. Rare birds in Iran in the Late 1960s and 1970s. Podoces 2008, 3, 1–30. 
36. Ward, P. Origin of the avifauna of urban and sub-urban Singapore. IBIS 1968, 110, 239–255. 
37. Owens, H.L.; Campbell, L.P.; Dornak, L.L.; Saupe, E.E.; Barve, N.; Soberón, J.; Ingenloff, K.; 
Lira-Noriega, A.; Hensz, C.M.; Myers, C.E.; et al. Constraints on interpretation of ecological niche 
models by limited environmental ranges on calibration areas. Ecol. Modell. 2013, 263, 10–18. 
38. Bentlage, B.; Peterson, A.T.; Barve, N.; Cartwright, P. Plumbing the depths: Extending ecological 
niche modelling and species distribution modelling in three dimensions. Glob. Ecol. Biogeogr. 2013, 
22, 952–961. 
39. Kearney, M.; Porter, W. Mechanistic niche modelling: Combining physiological and spatial data to 
predict species’ ranges. Ecol. Lett. 2009, 12, 334–350. 
40. Tole, L. Population and poverty in Jamaican deforestation: Integrating satellite and household 
census data. GeoJournal 2002, 57, 251–271. 
41. Huby, M.; Cinderby, S.; Crowe, A.M.; Gillings, S.; McClean, C.J., Moran, D., Owen, A.; White, P.C.L. 
The association of natural, social and economic factors with bird species richness in rural England. 
J. Agr. Econ. 2006, 57, 295–312. 
42. Huby, M.; Owen, A.; Cinderby, S. Reconciling socio-economic and environmental data in a GIS 
context: An example from rural England. Appl. Geogr. 2006, 27, 1–13. 
43. Doko, T.; Fukui, H.; Kooiman, A.; Toxopeus, A.G.; Ichinose, T.; Chen, W.; Skidmore, A.K. 
Identifying habitat patches and potential ecological corridors for remnant Asiatic black bear  
(Ursus thibetanus japonicus) populations in Japan. Ecol. Modell. 2011, 222, 748–761. 
ISPRS Int. J. Geo-Inf. 2015, 4 738 
 
 
44. Fouquet, A.; Ficetola, G.F.; Haigh, A.; Gemmell, N. Using ecological niche modelling to infer past, 
present and future environmental suitability for Leiopelma hochstetteri, an endangered 
New Zealand native frog. Biol. Conserv. 2010, 143, 1375–1384. 
45. Pawar, S.; Koo, M.S.; Kelley, C.; Ahmed, M.F.; Chaudhuri, S.; Sarkar, S. Conservation assessment 
and prioritization of areas in Northeast India: Priorities for amphibians and reptiles. Biol. Conserv. 
2006, 136, 346–361. 
46. Thorn, J.S.; Nijman, V.; Smith, D.; Nekaris, K.A.I. Ecological niche modelling as a technique for 
assessing threats and setting conservation priorities for Asian slow lorises (Primates: Nycticebus). 
Divers. Distrib. 2009, 15, 289–298. 
47. Kulkarni, M.A.; Desrochers, R.E.; Kerr, J.T. High resolution niche models of malaria vectors  
in Northern Tanzania: A new capacity to predict malaria risk? PLoS One 2010, 5. 
doi:10.1371/journal.pone.0009396. 
48. Lemke, D.; Hulme, P.E.; Brown, J.A.; Tadesse, W. Distribution modelling of Japanese honeysuckle 
(Lonicera japonica) invasion in the Cumberland Plateau and Mountain Region, USA. For. Ecol. 
Manag. 2011, 262, 139–149. 
49. Phillips, B.L.; Brown, G.P.; Greenlees, M.; Webb, J.K.; Shine, R. Rapid expansion of the cane toad 
(Bufo marinus) invasion front in tropical Australia. Austral Ecol. 2007, 32, 169–176. 
50. Acevedo, P.; Cassinello, J.; Hortal, J.; Gortázar, C. Invasive exotic aoudad (Ammotragus lervia) as 
a major threat to the native Iberian ibex (Capra pyrenaica): A habitat suitability model approach. 
Divers. Distrib. 2007, 13, 587–597.  
51. Peterson, A.T.; Robins, C.R. Using ecological-niche modelling to predict Barred Owl invasions 
with implications for spotted owl conservation. Conserv. Biol. 2003, 17, 1161–1165. 
52. Thuiller, W.; Richardson, D.; Pyšek, P.; Midgley, G.F.; Hughes, G.O.; Rouget, M. Niche-based 
modelling as a tool for predicting the risk of alien plant invasions at a global scale. Glob. Chang. Biol. 
2005, 11, 2234–2250. 
53. Beaumont, L.J.; Gallagher, R.V.; Thuiller, W.; Downey, P.O.; Leishman, M.R.; Hughes, L. 
Different climatic envelopes among invasive populations may lead to underestimations of current 
and future biological invasions. Divers. Distrib. 2009, 15, 409–420. 
54. Ficetola, G.F.; Thuiller, W.; Miaud, C. Prediction and validation of the potential global distribution of a 
problematic alien invasive species—The American bullfrog. Divers. Distrib. 2007, 13, 476–485. 
55. Rödder, D.; Lötters, S. Niche shift versus niche conservation? Climate characteristics of the native 
and invasive ranges of the Mediterranean house gecko (Hemidactylus turcicus). Glob. Chang. Biol. 
2009, 18, 674–687. 
56. De Meyer, M.; Robertson, M.P.; Peterson, A.T.; Mansell, M.W. Ecological niches and potential 
geographical distributions of Mediterranean fruit fly (Ceratitis capitata) and Natal fruit fly 
(Ceratitis rosa). J. Biogeogr. 2008, 35, 270–281. 
57. Zambrano, L.; Martinez-Meyer, E.; Menezes, N.; Peterson, A.T. Invasive potential of common carp 
(Cyprinus carpio) and Nile tilapia Oreochromis niloticus) in American freshwater systems. Can. J. 
Fish. Aquat. Sci. 2006, 63. 
58. Duncan, R.P.; Blackburn, T.M.; Sol, D. The ecology of bird introductions. Annu. Rev. Ecol. Evol. Syst. 
2003, 34, 71–98. 
ISPRS Int. J. Geo-Inf. 2015, 4 739 
 
 
59. Eraud, C.; Boutin, J.; Roux, D.; Faivre, B. Spatial dynamics of an invasive bird species assessed 
using robust design occupancy analysis: The case of the Eurasian collared dove (Streptopelia 
decaocto) in France. J. Biogeogr. 2007, 34, 1077–1086. 
60. Peacock, L.; van Rensburg, B.J.; Robinson, M.P. The distribution and spread of the invasive alien 
common myna (Acridotheres tritis L.) (Aves: Sturnidea) in southern Africa. S. Afr. J. Sci. 2007, 
103, 465–473. 
61. Shwartz, A.; Strubbe, D.; Butler, C.J.; Matthysen, E.; Kark, S. The effect of enemy-release and climate 
conditions on invasive birds: A regional test using the rose-ringed parakeet (Psittacula krameri) as a 
case study. Divers. Distrib. 2009, 15, 310–318. 
62. Jeschke, J.M.; Strayer, D.L. Determinants of vertebrate invasion success in Europe and North 
America. Glob. Chang. Biol. 2006, 12, 1608–1619. 
63. Holzapfel, C.; Levin, N.; Hatzofe, O.; Kark, S. Colonisation of the Middle East by the invasive 
common myna Acridotheres tristis L., with special reference to Israel. Sandgrouse 2006, 28,  
44–51. 
64. Csurhes, S. Pest Risk Assessment: Indian House Crow (Corvus splendens); The State of Queensland, 
Department of Employment, Economic Development and Innovation: Queensland, Australia, 2010. 
Available online: https://www.daff.qld.gov.au/__data/assets/pdf_file/0007/74986/IPA-Indian-
House-Crow-Risk-Assessment.pdf (accessed on 21 April 2015). 
65. Chenje, M.; Mohamed-Katerere, J. Invasive alien species. In United Nations Environmental 
Programme (UNEP) Africa Environment Outlook 2; UNEP: Nairobi, Kenya, 2006; pp. 331–349. 
Available online: http://www.unep.org/dewa/Africa/publications/AEO-2/content/pdf/aeo2_ch10.pdf 
(accessed on 2 March 2015). 
66. Softbills for Sale: House crow (Corvus splendens). Available online: http://softbillsforsale.com/ 
sale/house-crow.asp (accessed on 3 March 2015). 
67. Statistics New Zealand. Statistics New Zealand Imports of Overseas Cargo (cif NZ$) New Zealand Port 
by Country of Origin, Commodity (HS2) and Period. Available online: http://nzdotstat.stats.govt.nz/ 
wbos/Index.aspx?DataSetCode=TABLECODE7302 (accessed on 3 March 2015). 
68. Statistics New Zealand. Statistics New Zealand Overseas Cargo Statistics: Year Ending: 2007. 
Available online: http://www.stats.govt.nz/browse_for_stats/industry_sectors/imports_and_exports/ 
OverseasCargo_HOTPYeJun07.aspx (accessed on 3 March 2015). 
69. Department of Agriculture and Food. Animal Pest Alert: House Crow. No.2/2008; Department of 
Agriculture and Food: Perth, Australia, 2008. Available online: http://www.feral.org.au/ 
wp-content/uploads/2010/03/HouseCrowWeb.pdf (accessed on 3 March 2015). 
70. Phillips, S.J.; Anderson, R.P.; Schapire, R.E. Maximum entropy modeling of species geographic 
distributions. Ecol. Modell. 2006, 190, 231–259. 
71. Phillips, S.J.; Dudík, M. Modeling of species distributions with Maxent: New extensions and a 
comprehensive evaluation. Ecography 2008, 31, 161–175.  
72. Elith, J.; Phillips, S.J.; Hastie, T.; Dudík, M.; Chee, Y.E.; Yates, C.J. A statistical explanation of 
MaxEnt for ecologists. Divers. Distrib. 2011, 17, 43–57. 
73. Hijmans, R.J.; Cameron, S.E.; Parra, J.L.; Jones, P.G.; Jarvis, A. Very high resolution interpolated 
climate surfaces for global land areas. Int. J. Climatol. 2005, 25, 1965–1978. 
ISPRS Int. J. Geo-Inf. 2015, 4 740 
 
 
74. Saatchi, S.; Buermann, W.; ter Steege, H.; Mori, S.; Smith, T.B. Modeling distribution of 
Amazonian tree species and diversity using remote sensing measurements. Remote Sens. Environ. 
2008, 112, 2000–2017. 
75. Global Biodiversity Information Facility. Available online: http://www.gbif.org/ (accessed on 
29 April 2014). 
© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/4.0/). 
